Strict glycemic control has recently been shown to improve clinical outcomes in critically ill patients. In the February 2004 issue of Diabetes Care, we reported our early experience implementing an insulin infusion protocol (IIP) in a medical intensive care unit (MICU).
1 To facilitate early acceptance by our critical care physicians and nurses, we initially selected a conservative blood glucose target of 100-139 mg/dl. We subsequently published similar (indeed, slightly better) results using this same IIP in two cardiothoracic intensive units (CTICUs). 2 Following this work, based on the primary literature, 3 a position statement from the American College of Endocrinology (ACE), 4 and a technical review by the American Diabetes Association (ADA), 5 we decided to lower our target further into the normal range. Rather than abruptly drop to the 80-110 mg/dl target espoused by both the ACE and ADA, we elected to gradually lower our blood glucose target range in order to carefully study the impact of lowering the target on both glycemic control and rates of hypoglycemia.
To this end, we present here our updated experience with a new, more stringent IIP, which differs from our old protocol in three fundamental ways: 1 Target blood glucose levels are lowered to 90-119 mg/dl, 2 To facilitate more rapid glycemic control, the initial insulin bolus is increased by ~ 40%, and, 3 The protocol language is now in compliance with the Joint Commission on Accreditation of Healthcare Organizations.
The complete, updated IIP is shown in Figure 1 . We first studied 54 consecutive patients receiving intravenous (IV) insulin in our CTICU, who, because of their typically brief lengths of stay in the unit, remained on the IIP for a median of just 15 hours. From a mean initial blood glucose level of 189 ± 44 mg/dl, the median time required to achieve our new target level of 80-119 mg/dl was 6 hours (interquartile range [IQR] 5-9 hours).
At first glance, this median time-totarget seems slightly delayed compared with our initial IIP (median 5 hours, IQR 3-8 hours). However, this is not unexpected, because it should take longer for blood glucose levels to drift < 120 mg/dl than < 140 mg/dl. In fact, our new IIP took the same amount of time to reach the old blood glucose target of 80-139 mg/dl (median 5 hours, IQR 3-7 hours).
Additional comparisons between the old and new IIPs in our CTICU are shown in Table 1 . To summarize, mean blood glucose levels obtained using the new IIP were 12-13 mg/dl lower than with the old IIP (depending on how mean blood glucose levels were analyzed), and the percentage of blood glucose levels within any given desirable range was superior using the new protocol.
In the CTICU, these benefits surprisingly occurred with no changes in observed rates in hypoglycemia. Among 679 blood glucose levels obtained after target levels were achieved, just 2 (0.3%) were < 60 mg/dl; specifically, two readings of 57 and 58 mg/dl were recorded. No clinically relevant sequelae of hypoglycemia were apparent.
We then performed the same data analysis in 47 consecutive patients receiving IV insulin in our MICU. Since 11 of our MICU patients were placed on the IIP more than once, 63 individual insulin infusions were analyzed, consistent with the format of our initial publication. Because the average length of stay in our MICU is significantly longer than in the CTICU, our MICU patients remained on IV insulin for a median of 63 hours. From a mean initial blood glucose level of 238 ± 76 mg/dl, the median time required to achieve a target of 80-119 mg/dl was 6 hours
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The following insulin infusion protocol is intended for use in hyperglycemic adult patients in an ICU setting, but is not specifically tailored for those individuals with diabetic emergencies, such as diabetic ketoacidosis (DKA) or hyperglycemic hyperosmolar states (HHS). When these diagnoses are being considered, or if BG≥ 500 mg/dL, an MD should be consulted for specific orders. Also, please notify an MD if the response to the insulin infusion is unusual or unexpected, or if any situation arises that is not adequately addressed by these guidelines.
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(IQR 4-9 hours). This compared favorably to our initial MICU experience (median 9 hours, IQR 7-13 hours), and even more so when comparing the new IIP's time to reach the old target of 100-139 mg/dl (median 4.5 hours, IQR 2.5-7.5 hours). Some of these differences are certainly due to a lower clinical threshold for starting the new IIP, exhibited by a lower mean blood glucose at IIP initiation (238 ± 76 vs. 299 ± 96 mg/dl). Additional comparisons between the old and new IIPs in our MICU are shown in Table 2 . To summarize, mean blood glucose levels obtained using the new IIP in the MICU were 5-10 mg/dl lower than using the old IIP (depending on the primary unit of analysis). Again, the percentage of blood glucose levels within any given desirable range was superior using the new IIP.
In the MICU, however, improved glycemic control was obtained at the expense of a modest increase in observed rates of hypoglycemia. Among 5,109 blood glucose levels obtained after target levels were achieved, 20 (0.4%) were < 60 mg/dl; specifically, there were 13 readings in the 50s, 6 readings in the 40s, and a single reading of 38 mg/dl. As in the CTICU, this hypoglycemia had no clinically relevant consequences.
We conclude that our updated, more aggressive IIP lowers blood glucose levels approximately 10 mg/dl further than our originally published protocol. In the MICU, but not in the CTICU, modestly increased rates of hypoglycemia were observed, mostly due to the longer patient lengths of stay in the medical unit. That is, the longer a patient remains on IV insulin, the greater the expected risk of hypoglycemia when analyzed per patient or per patient-day (but not per blood glucose determination). In addition, less predictable and more frequent changes in both the clinical condition and nutritional status of MICU patients may predispose them to greater glycemic lability. Importantly, however, in both intensive care units, hypoglycemia was well tolerated, easily reversible, and produced no clinical complications. Based on published outcomes data and current recommendations, despite a small increase in mild hypoglycemic events, we believe that our new IIP is superior to its ancestor. As a result, we are now employing it throughout our hospital's intensive care units (ICUs). In addition, the data presented in this article should be of value to other providers and hospitals actively heeding the call to lower blood glucose levels in critically ill patients.
It should be kept in mind that, as in the outpatient arena, stricter inpatient glycemic control will necessarily come at the cost of a greater incidence of hypoglycemia. Therefore, each hospital should weigh the risks and benefits of the various blood glucose targets and develop its own strategic approach to improving glycemic control in the ICU. These decisions should be based on available data and the unique characteristics and capacities of each institution. 
